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JPevice a nd system for m on itorin g internal temperature of inaccessible or 
moving jgarts. 

The invention relates to a device and a system for monitoring temperature 
inside inaccessible and/or movable parts. 

5 In large or medium- sized machines and engines, such as for example diesel 
engines, there are many bearings which may be damaged during operation. In 
order to prevent this the standard procedure to date has been to monitor such 
bearings by means of continuous temperature or vibration measurement, or 
by periodic measurements of the same parameters. In large diesel engines 

10 requirements have been introduced from classification societies regarding 

temperature monitoring of main bearings. These requirements, however, have 
not been introduced in connection with crankshaft bearings, the reason being 
that no equipment exists which is suitable for measuring this temperature. 

For 4-strok:e medium and high-speed diesel engines it will be an enormous 
15 advantage if damage to the crankshaft bearings can be detected at an early 
stage. In these engines the damage can develop quickly, and the 
consequences of a crankshaft bearing breakdown are often highly dramatic. 

Serious engine damage usually occurs when primary damage (initiating 
damage) leads to engine breakdown. An example of such primary damage 

20 may be that the piston loses the lubrication in the cylinder due to carbon 
formation on the piston crown, or due to a fault in the combustion in the 
cylinder. The piston will begin to move sluggishly, thereby inflicting greater 
loading/surface pressure on the crankshaft bearing. Another example of 
primary damage which can result in serious engine damage is lubricating oil 

25 failure to the crankshaft bearing on account of failure in the supply from the 
lube oil pump or clogged oil channels in the crankshaft. A final example of 
primary damage which may be mentioned in this connection is when a crank 
bolt loosens or breaks. 

In all probability, all of the above-mentioned situations will inflict enormous 
30 damage on the engine, especially on the crankshaft, piston rod (connecting 

rod), and the engine block. In many cases the piston rod is torn loose from its 
attachment in the piston (which cracks), and in the worst case some of the 
rotating parts may be thrown out of the engine. Developments of this kind 
may entail great risk for the engine-room crew if they are in the vicinity of 
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the engine. If the engine is providing for a ship's propulsion, the ship may 
lose its propulsion and manoeuvring ability over a considerable period, 
which can result in running aground and pollution problems. 

A sufficiently fast temperature sensor will enable the engine to be shut down 
5 so early that such serious damage can be avoided and in the worst case it will 
only be necessary to replace parts or carry out repairs in connection with the 
primary damage which caused the temperature increase. 

So far the problem has been described in connection with engine parts in 
general and crankshaft bearings in large and medium-sized diesel engines in 
10 particular. However, similar problems occur in connection with a number of 
rotating parts, for example in electric motors, wheel bearings, brake discs and 
so on. 

In SE-B-391.03 1 a device is described for measuring temperature in a 
movable mechanical part. The publication shows how this device can be 

15 employed for monitoring the temperature in the crosshead bearing in a diesel 
engine. In this device the sensor is a temperature-sensitive resistor, and the 
transmission of the test signals is performed capacitively. Similar solutions 
also exist where the signal transmission is performed by means of sliding 
contacts or inductively. There is an element of uncertainty concerning the 

20 measurement in all of these alternatives due to the fact that the circuits' 

electrical properties can change, and none of them permit transmission of 
data without electrical contact other than over extremely short distances. 

WO 97/09596 describes a sensor for detection of status data, including 
temperature, in an electric motor. The sensor is formed from a surface wave 

25 acoustic element, or a SAW chip. The SAW chip's properties are altered as a 
function of the physical conditions which have to be measured, which results 
in alteration of the transmitting function. A polling signal in the form of a 
radio signal with specific properties is transmitted from a polling unit and 
received by the SAW chip. There it is converted to an electrical signal and 

30 then to an acoustic signal which is transmitted along the element's surface 

and reflected, whereupon it is converted back first to an electrical signal and 
then to a radio signal which is returned to the polling unit. There the physical 
status data are derived based on the changes in the polling signal which are a 
result of changes in the SAW chip's transmitting function. The publication 
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describes how it is possible to place the sensor inside a winding and connect 
it to an antenna which is located on the outside thereof. However, it does not 
describe how such a sensor may be designed in order to be capable of being 
installed in a suitable manner and to be sufficiently robust to be used in a 
5 particularly harsh environment. 

A similar sensor is described in WO 93/13495, intended for wheel bearings 
and brake blocks on trains. 

SAW chips, however, are not particularly robust in a harsh environment, and 
in the previously known applications it has only been proposed that they 

10 should be installed on the surface of the component which is to be monitored. 
This is due first of all to the fact that it is simple and requires no 
modification to the actual component, and secondly that if the SAW chip 
were located inside the component it would be difficult to transmit the 
polling signal, since the component which is to be monitored would act as a 

15 screen. The previously known sensors of this type are therefore not suitable 
for a great many applications, especially in connection with engines and 
particularly for measuring temperature deeper inside a component than at the 
surface. 

US-A-5 .43 8.322 discloses a temperature sensor which is in the form of a 
20 bolt. However, it contains a radio transmitter which, if the temperature 
exceeds a certain critical value, is pressed against the bolt's surface and 
activated, thus causing an alarm signal to be transmitted. The sensor can 
therefore not supply information on what the actual temperature is, but is 
only designed to emit an alarm signal if a threshold is exceeded. 

25 In contrast to the previously known solutions, the present invention provides 
a sensor which is robust with regard to a harsh environment, and which can 
also be employed for measuring the temperature deep inside the component 
which is to be monitored. Furthermore, the invention makes it possible to 
transmit temperature data from the sensor to a receiver even though the 

30 sensor is installed on a part which is movable relative to the receiver and is 
located at a certain distance from the receiver. 

The above-mentioned characteristics are achieved by means of the 
. characterising features which are set forth in the independent claims. 
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In addition to the characteristics which are mentioned above, the invention 
provides a system which can easily be mounted in already-existing 
installations. This installation may, for example, be performed by fitters from 
the equipment suppliesr. Thus there is no requirement that suppliers of 
5 engines and other machines should design these systems in such a manner 
that they are ready for use together with the present invention. 

The invention will now be described in further detail in the form of an 
exemplary embodiment and with reference to the attached drawings, in 
which: 

10 fig. 1 is a principle drawing of an application where the invention is used for 
measuring temperature in crankshaft bearings, 

fig. 2 illustrates a SAW chip which can be employed as a sensor element in 
the present invention, 

fig. 3 illustrates the design of a sensor for temperature monitoring according 
15 to the present invention, 

fig. 4 illustrates an alternative design of a sensor for temperature monitoring 
according to the present invention, 

fig. 5 illustrates another alternative design of a sensor for temperature 
monitoring according to the present invention, 

20 fig. 6 illustrates the use of the present invention in monitoring a ship's engine 
installation. 

Figure 1 illustrates how the present invention can be employed in a system 
for measuring temperature in crankshaft bearings, especially in large and 
mediimi-sized diesel engines. The system consists of four main components, 

25 viz. sensors 1 (preferably one for each cylinder), antennae 2 (preferably one 
for each sensor), a control unit 3 and a recording unit 4. Here the sensors 1 
are installed freely in the crankshaft bearing housing. The antennae 2 are 
installed inside the engine and connected to the control imit 3 which 
preferably comprises a multiplexer to enable test data to be received from 

30 more than one antenna/sensor. The control unit 3 will preferably be installed 
near the engine and connected to the antennae 2 via signal cables 5. The 
recording unit 4 is preferably a computer with software for storing historical 
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data, display of test data in graphic and alphanumeric form, configuration of 
alarm limits, possibly communication with an alarm centre, printing of 
reports etc. This unit will preferably be placed in the control room for the 
machine or the engine which is to be monitored and it will be connected to 
5 the control unit via a standard connection for data transfer, for example a 
data bus solution 6. In many cases this computer could be a computer which 
is already located in such a control room, and which simultaneously runs 
other software associated with the operation of the machine which is to be 
monitored. 

10 The control unit 3 is designed to be capable of transmitting a polling signal 
to one of the sensors via the multiplexer and the antenna 2 which is 
connected to the sensor concerned 1 . This polling signal will be reflected in 
modified form (e.g. with time delay or phase change) from one or more 
points on the sensor's 1 surface, returned from the sensor to be received by 

15 the antenna 2, and then returned to the control unit 3 possibly via a 

multiplexer. In the control unit the modified signal will be evaluated and the 
temperature in the crankshaft bearing derived therefrom. The derived 
temperature is then transferred to the recording unit 4 for recording and 
fiarther processing. 

20 Figure 2 illustrates how the temperature- sensitive element itself may be 
designed. The element is composed of a SAW chip with a transducer 12, 
often called a interdigital transducer, and one or more reflectors 13. When a 
high-frequency signal is applied to the transducer 12, this signal will be 
converted to an acoustic signal which is transmitted along the SAW chip's 

25 surface, reflected at the respective reflectors 13 and returned to the 

transducer in the form of a modified signal composed of the signals reflected 
from the respective reflectors. The transducer 12 converts the reflected 
signals back to electrical signals which are emitted from the transducer. The 
characteristics of the signal path along the SAW chip's surface, however, are 

30 dependent on the temperature of the SAW chip. The SAW chip will therefore 
act as a signal processing element with temperature-dependent transfer 
function. Changes in the transfer function will be able to be derived from the 
characteristics of the reflected signal, and on this basis the temperature can 
be derived. This will be discussed in more detail below. 
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Figure 3 illustrates an example of how the sensor 1 may be designed. The 
actual temperature-sensitive element, the SAW chip 1 1, will normally be 
encapsulated in a housing. In the following, the component which is 
composed of the SAW chip and its encapsulation or housing are referred to 

5 as the sensor element 14. In this example the sensor element 14 is located in 
a bolt 15. The sensor element 14, however, may also be located freely in the 
part which is to be monitored, which will be described in more detail below. 
The element is installed, for example, in a holder or socket 16, which may 
also be a small circuit board, which in turn is connected to an antenna 17, for 

10 example by means of a transmission line 18, such as a coaxial cable. The 

antenna 17 is located in such a way that it projects out of the part which is to 
be monitored. The antenna 17 may be installed at the bolt's upper end, for 
example in the form of a small circuit board. In this example, therefore, the 
antenna is an integrated part of the bolt 1 which forms the sensor. However, 

15 the antenna may also be provided separately and connected to the sensor via 
an extension of said transmission line 18. 

When a polling signal is received by the antenna 17, it is transferred to the 
sensor element 14 where the received signal is converted to an acoustic 
signal which is applied to the SAW chip, as already described. When the 
20 reflected signal is received by the transducer 12, it is converted from an 
acoustic to an electrical signal which is applied to the antenna 1 7 and is 
transmitted therefrom as the modified polling signal. This signal is received 
by the antenna 2 and further processed as described above. 

The actual design of the bolt 15 can vary depending on what kind of 
25 environment the sensor 1 is to be placed in. In a preferred embodiment the 
bolt will be designed with external threads, thus enabling it to be screwed 
into the component in which it is to be installed. However, other designs are 
also possible. For example, the bolt 15 may be designed with a smooth 
surface or a surface with a certain degree of roughness, and forced into a 
30 narrow hole where it is secured by tension and friction. The inside of the bolt 
15 will preferably be filled with a material 19 which keeps the respective 
components in position, for example epoxy or a heat-resistant rubber sleeve. 

An alternative design is illustrated in figure 4, where the same or 
corresponding components to those illustrated in figure 3 have been given the 
35 same reference mmibers. In this example the sensor element 14 is not 
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mounted inside a bolt. The bolt 15 in tKis case only serves to close the 
installation hole and secure the actual components. Instead, the sensor 
element 14 is mounted freely at the bottom of a hole in the part which is to 
be monitored. In the same way as in the example illustrated in figure 3, the 

5 sensor element may be mounted in a holder 16 and connected to a 

transmission line 18. This transmission line will in turn be coimected to an 
antenna (not shown) on the outside of the part which is to be monitored. In 
the example in the figure it is shown how a spring 10 which is secured by the 
bolt 15 presses the sensor element 14 against the bottom of the hole. As an 

10 alternative to a spring, a sleeve may be employed made of a suitable material 
such as for example heat-resistant rubber. The hole may be filled with epoxy 
or the like, but it will not be a preferred solution in this embodiment, since it 
will make it difficult to remove/replace the sensor element 14 and the other 
components. 

15 A further embodiment is illustrated in figure 5, where corresponding 

reference numbers to those in the previous figures are again employed. In 
this embodiment the sensor element 14 and the holder 16 are installed inside 
an encapsulation 15a which is closed by a screw 20 with a hole for passing 
through the transmission line 18. This passage may in turn be sealed, for 

20 example, by epoxy 19a. In its turn this encapsulation will be pressed against 
the bottom of the hole in which it is located by a spring 19b or a sleeve 
which in turn is kept in position by a bolt 15c with a hole for passing through 
the transmission line. In the example in the figure there is provided in this 
hole a screw 21 which presses a gasket or O-ring 22 against an internal 

25 surface 23 in the bolt 15b, with the result that the O-ring 22 tightly encloses 
the transmission line 18. The transmission line 18 in turn is connected to an 
antenna (not illustrated) on the outside of the part which is being monitored. 

While the design which is described with reference to figure 3 is well-suited 
to standard lengtl^, i.e. when the actual temperature-sensitive element 
30 always is to be installed the same distance inside the part which is to be 
monitored, the embodiments which are illustrated in figures 4 and 5 are 
suitable for variable lengths, where the depth of the individual mounting hole 
determines how far into the part which is to be monitored the temperature- 
sensitive element is installed. 
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When installing the sensor in the component which is to be monitored, it is 
important to avoid causing it any damage which impairs the component 
unnecessarily. If the sensor is to monitor a component which is exposed to 
stress, as will be the case with a crankshaft bearing, it is therefore vital to 
5 prepare specifications for where and how the installation should take place, 
and that this task is performed by qualified specialists. 

Figure 6 illustrates how the present invention can be employed in the 
monitoring of a ship's engine installation consisting of two main engines 31, 
32 and two auxiliary engines 33» 34. A number of sensors with associated 

10 antennae are arranged in each engine as already described, and these are 

connected to a control unit 3 which in this example comprises a multiplexer 
or another form of selector which controls the signals to and fi-om the 
respective sensors. The control unit 3 is preferably placed in the engine room 
near the engines. From the control unit 3 the signals are transmitted via a 

15 data bus 6 to a computer 4 which constitutes the recording imit described 

above and which is placed in the ship's control room. This is connected to a 
printer 35 and an alarm centre 36. 

From the control unit 3 the computer 4 receives data signals carrying 
information on the temperature measured at the different sensors. This 

20 information preferably contains both temperature data and data identifying 
the individual sensor, but alternatively the computer 4 may control the 
multiplexer in the control unit 3 in such a manner that temperature data are 
always received from the sensor to which the computer chooses to transmit a 
polling signal. The received temperature data are stored in the computer, and 

25 temperature information can be displayed graphically or alphanumerically on 
the computer screen. Temperature lists and historical data can also be printed 
out on the associated printer. 

The computer will preferably be programmed to react to temperatures which 
exceed defined alarm thresholds. If one of the sensors indicates a temperature 

30 higher than the defined temperature threshold, an alarm signal will be 

generated which is transmitted to an alarm centre 36. It may also be indicated 
on the computer that an alarm condition exists. The alarm centre may be 
designed in a number of different ways in order to indicate that an alarm 
condition exists in the form of visual or audible information. The alarm 

35 centre 36 or the computer 4 may also be arranged to shut off one ormore of 
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the engines in the event of a predefined state of one or more alarms. It will 
also be possible to define several alarm levels for each individual sensor, 
such as, for example, for a visual alarm to be given at a first level, an audible 
alarm is activated at a second level, and at a third temperature level the drive 
5 speed or load on the engine or engines is lowered, or they are stopped. 

It will be obvious to a person skilled in the art that within the scope of the 
invention it will be possible to implement a number of variations and 
alternatives. For example, the physical shape of the bolt 15 can be altered in 
order to be adapted to the component in which the sensor is to be mounted. 

10 Moreover, it will be appreciated that the sensor according to the invention is 
suitable for monitoring the temperature in a great many different components 
in machines and vehicles, and not only those which, are mentioned herein. It 
will also be possible to perform the actual signal processing in the control 
unit in order to derive the temperature of the sensor in a number of different 

15 ways. 

In a preferred embodiment the modified polling signal is composed of 
reflections from several points on the chip's surface, and with suitable 
measuring equipment the absolute phases from each individual reflection are 
measured. By combining these different absolute phases in order preferably 

20 to bring out certain differences between them, it is possible to determine the 
temperature unambiguously, and independently of the path which the signal 
has taken between sensor and control unit and the related delay. By 
calculating such differences, moreover, it is possible to achieve the same as 
is obtained by having a separate reference element with which the 

25 measurements are compared. It can therefore be said that one has a reference 
on the chip. In a preferred embodiment the actual polling signal will have a 
constant frequency which is amplitude or pulse modulated in order to be able 
to distinguish the modified polling signal from the original polling signal in 
the electronic metering circuits. It will also be possible to perform 

30 modifications which, for example, employ frequency-modulated polling 
signals (chirps). 

It will also be clear to a person skilled in the art that the processing of the 
modified polling signal can be distributed between the control unit 3 and the 
recording unit 4, with certain properties of the signal being derived in the 
35 control unit and these being transferred to the recording unit for further 
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processing there, for example for comparison with calibration values for the 
sensor elements, which can be stored in the control unit or on data files in the 
recording unit. 
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1 . A device for measuring temperature of the inside of an inaccessible 
movable mechanical part, comprising a temperature-sensitive element with a 
SAW chip (U) with temperature-dependent transfer function, where the 
5 SAW chip has a transducer designed to be connected to an antenna (17) 
mounted on the outside of said part, 

characterized in that the temperature-sensitive element is provided in an 
encapsulation (14; 15; 15a) which is designed to be placed and kept in 
position in a mounting hole in said moving part and thus to measure 
10 temperature inside the part, and that the device comprises a coaxial 

transmission line (1 S) for connecting the antenna (17) to the temperature- 
sensitive element, the device thus being adapted for measuring temperature 
deep inside the inaccessible mechanical part while this mechanical part is in 
motion. 

15 2. A device according to claim 1, 

characterized in that said encapsulation (14; 1 5; 1 5a) is composed of a 
hollow bolt (15, fig. 3) designed to be screwed into said mounting hole and 
where the temperature-sensitive element is arranged internally in the bolt 
while the antenna is provided at the part of the bolt which protrudes from 

20 said part. 

3. A device according to claim 2, 

characterized in that said bolt (15, fig. 3) is filled internally with a material 
(19) which keeps the temperature-sensitive element in position. 

4. A device according to claim 3, 

25 characterized in that said material (1 9) is epoxy or a heat-resistant rubber 
sleeve. 

5. A device according to claim 1, 

characterized in that said encapsulation (14; 15a) is designed to be arranged 
separately at the lower end of said mounting hole and that the device further 
30 comprises a bolt (15b) for closing the mounting hole and a material (19; 19a, 
19b) which is designed to be placed between said bolt (ISb) and the 
encapsulation (14; 15a), thus holding the encapsulation (14; 15a) securely in 
position after mounting. 
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6. A device according to claim 5, 

characterized in that said material (19; 19a; 19b) is a spring which, when the 
device is mounted, presses the encapsulation (14; 15a) down against the 
lower end of the mounting hole. 

5 7. A device according to claim 5, 

characterized in that said material (19; 19a; 19b) is epoxy or a heat-resistant 
rubber sleeve. 

8. A system for monitoring the temperature inside one or more 
inaccessible movable mechanical parts, where there is arranged inside the 

10 respective parts which are to be monitored at least one sensor (1) comprising 
a temperature-sensitive element with a SAW chip (11) with temperature- 
dependent transfer function, and where each SAW chip has a transducer 
which is connected to a respective first antenna (17) which is mounted on the 
outside of the respective part, 

1 5 characterized in that the temperature-sensitive element is provided in an 
encapsulation (14; 15; 15a) which is placed and kept in position in a 
mounting hole in the respective mechanical part to measure temperature 
inside the part; that the temperature-sensitive element is connected to the 
first antenna via a transmission line (18), 

20 that for each sensor (1) there is provided a second antenna (2) which is 

arranged in such a manner that it can transmit signals to and receive signals 
j&om this sensor (1) via said first antenna (17) while the part is in motion, 
said second antenna being connected via a signal cable (5) with a control unit 
(3) which, if the system contains more than one sensor (1), comprises a 

25 multiplexer; and 

that the control unit (3) is arranged to be able to transmit a polling signal to 
and receive a modified polling signal from any of the sensors (1) via an 
associated signal cable (5) and associated second antenna (2) while the part is 
in motion, the control unit (3) being further arranged to process the received 

30 modified polling signal, and, on the basis of the characteristics of the 

modified polling signal, to generate a data signal which is representative for 
the temperature of the sensor (1). 

9. A system according to claim 8, 

characterized in that on said SAW chip there are provided 'a plurality of 
35 reflectors (13), and that the control device (3) is designed to be able to 
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measure the absolute phases of the components of the modified polling signal 
which are connected to the respective reflectors and to generate said data 
signal by means of the differences between these absolute phases. 

10. A system according to claim 8 or 9, 
5 characterized in that the control device (3) is fiirther connected to a recording 
device (4) via a data bus (6) and is arranged to transmit said data signal 
which is representative for the temperature of the sensor (1) to the recording 
unit (4). 

U . A system according to claim 1 0, 
10 characterized in that the recording device (4) comprises a store for storing 

the received data signals or values which sre derived therefrom and a display 
device for displaying information on these stored values graphically or in the 
form of alphanumeric characters- 

12. A system according to claim 10 or 11, 
15 characterized in that the recording device (4) is arranged to generate a signal 

which indicates an alarm condition when it receives a data signal which 
indicates that the temperature at one of the sensors (1) is higher than a 
predefined threshold value. 

13. A system according to claim 12* 
20 characterized in that said signal indicating an alarm condition activates a 

visual or audible alarm. 

r^, 14, A system according to claim 12, 

characterized in that said signal indicating an alarm condition results in a 
reduction in the load, a reduction in the drive speed or shutting down of a 
25 machine, an engine or a process in which the part whose temperature is being 
monitored is included. 
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